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The concentrations of N ~5 in ammonia N and urea N in urine collected after feeding an amino acid or ammonia labeled with N 15 show an interesting relation which has not been interpreted or even clearly recognized. The purpose of the present paper is to point out this relation and to suggest a possible explanation.
When/-leucine (1),/-lysine (2), or glycine (3, 4) labeled with N 15 in the amino group was incorporated in the food of rats, and the 24 hour urine was analyzed for N ~s and N, the N 15 concentration (expressed as ~-hereafter called the isotopic ratio) of ammonia (ra) was found to be higher than that of urea (r,). When aspartic acid (5) or ammonia (6) in the form of citrate was fed in similar experiments, the isotopic ratio of urea (r,) was found to be higher than that of ammonia. Thus, in these rat experiments the metabolic behavior of ammonia is the same as that of/-aspartic acid, but different from that of/-leucine, /-lysine, and glycine.
When l-aspartic acid was fed to man in a single feeding (5), r, was much higher than r~ in urine collected shortly after feeding, but the relation was reversed later. It was pointed out that the relation between ra and r~ depended on the manner of feeding. Whereas in the human experiment the whole intake of aspartic acid was taken in a single feeding, in rat experiments the daily intake consisted of small portions spread over many hours, as the food was always accessible to the animals. With a single feeding, the change of isotopic ratio of a compound in urine with time can be described by a curve deducible from theory, while with continuous feeding, it is impossible to predict the isotopic ratio of the compound without knowing the feeding schedule or habit of the rats.
In a recent paper Sprinson and Rittenberg (7) reported that after a single feeding of ammonium citrate in man "the N ~ concentration of the ammonia is always less than that of the urea," while after feeding isotopic glycine the concentration of N ~5 in ammonia is initially higher than that of urea. Thus it appears that in human experiments the metabolic behavior of glycine is the same as that of aspartic acid, but different from that of ammonia, while in rat 403
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Fzo. 1. Isotopic ratios of ammonia and urea N after feeding isotopic/~aspartic acid (Experiment R reported in a previous paper (8) .) The values of the isotopic ratios for an interval are plotted against the middle point of the interval. For the interval 0 -to (to = 3), ~o --0.375 and ~ --0.121 atom percent excess and the ratioro:r, is 0.375 = 3.1. For the interval 0 -t~, (t~ = 18), #, = #u = 0.124 atom per cent exces% 0.121 and the ratio r,:r~ = 1. These ia and #, values were calculated from the areas under the curves measured with a plaaimeter. I perlmental data is called for. The purpose of this paper is to present such an analysis. Fig. 1 shows the curves for r, and r, after a single feeding of aspartic acid. (The data were obtained in an experiment R, reported in a previous paper (8).) I t will be noted that the maximum r, occurs at about 1 hour while the maxim u m r, occurs at about 3 hours after feeding. I t will be noted also that at the maximum, r, is several (six) times higher than r,. After reaching the maximum, the ra curve falls off rapidly, while the r~ curve is still rising so that they cross at a point t~. In Fig. 1 , tc is at about 3 hours. If urine is collected from t = 0 to t = to, the average ra will be higher than the average r~, if the rates of ammonia and urea excretion remain unchanged. If urine is collected from tc to any time afterwards, the average r~ will be lower than the average r~. If urine is collected from t --0 to a time t > to, the ratio r~:r~ will depend on t. This ratio is equal to the ratio of the areas below the r~ and r~ curves between t = 0 and t. It can be seen that the greater the t, the smaller will be the ratio r~:r~. If urine is collected for the 24 hour interval after a single feeding this ratio should always be less than 1.
For a given pair of ra and r~ curves, there is a time when the areas below the two curves from 0 to t are equal. This time is about 18 hours in the experiment shown in Fig. 1 . If before this time is reached, another dose of the isotopic compound is taken, then the ratio for the interval immediately afterward will be raised. By taking the isotopic compound at suitable intervals the ratio r~:r,, can be maintained at any value below the maximum. If the r~ and r~ curves are the same for the rat as for man, it is possible to calculate from the ratio r,:r,, the interval between feedings in the rat experiments.
The shapes of the r, and r. curves after a single feeding are theoretically independent of the intake, but the absolute values of r, and r, must depend on the intake. When the amount fed at each feeding and the schedule of feeding are unknown, as they are in those rat experiments above referred to, no theoretical significance can be attached to the ratio ra:r, and interpretation is impossible.
The above discussion on ra and r, curves for aspartic acid holds also for glycine. I t is unfortunate that of the many experiments reported by Sprinson and Rittenberg only a few included both urea and ammonia analyses, and of these few the first collection of urine was too late to show the maximum points of r, and ra.
However, in one experiment (DS-1) (7) the data did show a maximum point of r, at about 3 hours after feeding (Fig. 2, I ). The maximum point of r, was missed, but from the slope of the r. curve, it can be seen that r. was falling when it crossed the r, curve. Since ra, like r,, must start at 0 at t = 0, it must rise to a maximum before it began to fall, and it may be concluded that the same relation holds between r, and r, in Experiment DS-1 (glycine) as in the experiment with aspartic acid. Two other experiments with glycine, GL-1 and MZ-1 (Fig. 2, II, III) , show the same general trend of the r. and r. curves. I t may be concluded, therefore, that the same general relation holds between ro and r~ after glycine feeding as after aspartic acid feeding.
Of the two experiments with ammonium citrate in man reported by Sprinson and Rittenberg (7), r~ showed a maximum in one experiment (subject with Addison's disease) but not in the other (normal subject). the maximum point of ra was not observed. But it can be seen that at 1 to 2 hours after feeding in both experiments ra was falling (and not rising) and it was falling much more rapidly than r, (Fig. 2, IV ). x Extrapolation of the curves (shown in dotted line) would give pictures quite comparable to those in experiments with glycine and aspartic acid. The only difference between these amino acids, on the one hand, and ammonia on the other would be a quantitative one--in the times at which maximum r, and maximum r, occur and the values of these maxima. From the results in the rat experiments it would appear that the maximum r, and tq occur earlier with ammonium citrate and aspartic acid than with glycine.
Equality of the r, and r~ at the Maximum Point of the Latter
While the initially high r~:r~ ratio has been reported for glycine as for aspartic acid, a significant relation has not been noticed before. As shown in Fig. 2, I , the r, curve and the r, curve intersect (that is, ra is equal to r,) at the maximum point of r, in the glycine experiment (DS-1) as in the aspartie acid experiment (Fig. 1) . In other experiments with glycine (MF-1) and (GL-1) for which urea and ammonia analyses were reported, the data are not sufficient to show this relation clearly. But it can be seen (Fig. 2 ) in both these experiments that ro and r~ when extrapolated (shown in dotted lines) would intersect at somewhere near the ma~mum point of r~ which was missed in these experiments. In one ammonium citrate experiment, with normal human subject, similar relation can be seen between the r~ and r, curves. In the other ammonium citrate experiment, this relation is not shown. However, not much weight should be given to this experiment for several reasons. (1) The first sample of urine was collected from 1 hour before, to 2 hours after, feeding. This makes uncertain the r~ and r~ values for the first urine sample. (2) The total N intake of this subject was unusually, low (2.5 gin. per day). (3) The r~ and r. reached much higher values in this subject than in the normal subject with the same intake of isotopic ammonium citrate, and it seems possible that there was some abnormality in ammonia metabolism in the subject with Addison's disease.
Zilversmit et al. (9) , in their studies with phospholipids labeled with radioactive P, have pointed out that when a compound A is the immediate precursor of another compound B, the specific activity of B is equal to that of A at the maximum point of B. In the present instance, the isotopic ratio of urea, at the maximum point, is equal to that of ammonia. This suggests that urea is formed from ammonia which is nothing new, but the observed relation can be true only when urea is formed exclusively from ammonia.
x Fig. 2 , IV shows the curves for the normal subject. The curve for the patient with Addison's disease is not shown here. There is some uncertainty in the first point of the curve for this subject because the first sample of urine covered the period from 1 hour before, to 2 hours after, feeding. (10) have shown that the amino N of aspartic acid is transferred to citrulline in the arginine cycle and that aspartic acid is the main pathway of urea formation. Wu and Rittenberg (5) have shown that the aspartic acid N behaves metabolically like ammonia N in some respects. In view of these findings, it may be surmised that malic acid readily accepts ammonia and transfers it to citrulline. However, this explanation is probably not correct as the experiment with glycine (DS-1) shows the same relation between ro and r,. A more plausible explanation is that the isotopic ratio of ammonia in urine is not the same as that in the metabolic pool (which is negligible in view of the low ammonia content of blood) but is the same as the isotopic ratio of the amino acid from which ammonia is formed and is directly excreted by the kidneys. If it is assumed that the aspartic acid or glycine fed comes rapidly into equilibrium with other amino acids in the pool, and it is from this mixture of amino acids rather than the particular amino acid fed that the ammonia is derived, the relation between r= and r, after feeding either glycine or aspartic acid is explained.
When two different compounds B1 and B~ are both immediately derived from A, the relative rate of fall of the concentration of B1 should be the same as that of B2. In the present instance, if both urea and ammonia are immediately derived from the amino acid fed, r= and r, should fall at the same relative rate. This is definitely not the case in the first few hours after feeding. As shown in Figs. 1 and 2 , r, falls much more rapidly than r~. Instead of both being immediately derived from the isotopic compound fed, urea appears to be derived from ammonia.
The curves shown in Figs. 1 and 2 are plotted with the average r of an interval against the time at the middle point of the interval. In other words, the average r is taken as equal to the instantaneous r at the middle point of the interval. This assumption is open to some error unless urine has been collected at short intervals. While there is no doubt that the ra is initially always higher than r~, the exact equality of r, and r= at the point of maximum r~ requires further investigation with other N15-1abeled compounds. SUMMARY {N15~ Available data on the isotopic ratio~-~-. ) of ammonia (r,) and that of urea.
(r,) after a single feeding of glycine, aspartic acid, and ammonium citrate are analyzed. From this analysis the following conclusions are drawn.
[NlS\ 1. The isotopic ratio~-~-) of ammonia (r~) is always higher than that of urea (r,) in the initial period after a single feeding of isotopic glycine or aspartic acid, but the relation is reversed later. A similar relation probably holds after feeding isotopic ammonia.
2. It is pointed out that the ratio of average r, to average r, depends on the time interval for which urine is collected, on the schedule of feeding, and probably also on the amount taken at each feeding. When the amount fed and the feeding schedule are unknown, theoretical interpretation of the ratio of average r, to average r, is impossible.
3. At the point of maximum isotopic ratio of urea, it is very probably equal to the isotopic ratio of ammonia. A possible explanation is suggested.
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